ABSTRACT Double-stranded cDNA synthesized from total poly(A)containing mRNA, extracted from monkey cells infected with measles virus has been inserted into the Pst cleavage site of Escherichia cohi plasmid pBR322 and cloned. A clone containing measles virus DNA sequences was identified by hybridization to a measles virus-specific 32P-labeled cDNA probe prepared from the mRNA of measles virus-infected cells. Cellular sequences in the probe were neutralized by prehybridization with an excess of unlabeled mRNA from uninfected monkey cells. The insert of cloned cDNA isolated contains 1420 base pairs, as shown by aparose gel electrophoresis and electron microscopy. The size of the mRNA complementary to this cloned cDNA is 1750 nucleotides, as determined by the reverse Southern technique. The cloned DNA fragment was further identified as the reverse transcript of the mRNA coding for the nucleocapsid protein of measles virus on the basis that the major cell-free translation product of mRNA selected by hybridization to the cloned DNA comigrated with the nucleocapsid protein and was immunoprecipitated by measles virus-specific antibodies. Subsequently, the cloned DNA was used to detect specific measles virus sequences in the poly(A)RNA extracted from brain autopsy material from a patient with subacute sclerosing panencephalitis. The cloned DNA can thus be used as a probe to study the structure and expression of the measles genome, and in particular, to study diseases of the central nervous system in which persistent infection with measles virus has been implicated. Measles virus is a complex virus that interacts with its host cell in either an acute or a persistent infection. The measles viroid consists of six structural proteins (1-4) and a single-stranded RNA (Mr 6 X 106) (1, 5) that could encode as many as 10-15 average-sized proteins. Although the measles virus genome generally is regarded as a negative-strand RNA (6), recent evidence suggests that also viral plus-strand RNA is encapsidated within measles nucleocapsid preparations (unpublished observations (New England Nuclear, 0.5 mM, 0.4 Ci/mmol; 1 Ci = 3.7 X 1010 becquerels); (dT)12.18 (5 tig/ml); mRNA (100 ,ug/ml); and reverse transcriptase (105 units) obtained from J. Beard, Life Sciences, St. Petersburg, FL. The mixture was incubated for 1 hr at 37°C and the reaction was terminated by addition of NaOH (0.3 M). After 20 min at 70°C, the mixture was neutralized and deproteinized by phenol extraction. The supernatant was desalted by a 4-min centrifugation through a 3-ml Sephadex G-50 column (Isolabs) equilibrated with buffer containing NaDodSO4 (0.1%), NaCl (0.1 M), Abbreviations: SSPE, subacute sclerosing panencephalitis; bp, base pairs; DBM, diazobenzoyloxymethyl. 3686
cloned cDNA is 1750 nucleotides, as determined by the reverse Southern technique. The cloned DNA fragment was further identified as the reverse transcript of the mRNA coding for the nucleocapsid protein of measles virus on the basis that the major cell-free translation product of mRNA selected by hybridization to the cloned DNA comigrated with the nucleocapsid protein and was immunoprecipitated by measles virus-specific antibodies. Subsequently, the cloned DNA was used to detect specific measles virus sequences in the poly(A)RNA extracted from brain autopsy material from a patient with subacute sclerosing panencephalitis. The cloned DNA can thus be used as a probe to study the structure and expression of the measles genome, and in particular, to study diseases of the central nervous system in which persistent infection with measles virus has been implicated. Measles virus is a complex virus that interacts with its host cell in either an acute or a persistent infection. The measles viroid consists of six structural proteins (1) (2) (3) (4) and a single-stranded RNA (Mr 6 X 106) (1, 5) that could encode as many as [10] [11] [12] [13] [14] [15] average-sized proteins. Although the measles virus genome generally is regarded as a negative-strand RNA (6) , recent evidence suggests that also viral plus-strand RNA is encapsidated within measles nucleocapsid preparations (unpublished observations). Six virus-specific messenger RNAs, differing in size, have been recognized in monkey cells infected with measles virus in the presence of actinomycin D (7) . Poly(A)-containing mRNAs synthesized by measles-infected monkey cells have been purified and translated in vitro. The proteins synthesized in an mRNA-dependent reticulocyte cell-free system subsequently were identified as authentic measles polypeptides by electrophoretic and immunologic techniques as well as by analysis of their tryptic peptide patterns (8) . Thus, it is now possible to examine measles virus-specific gene expression during the course of infection directly and to determine whether acute versus persistent infections can be correlated with differential patterns of gene expression.
A powerful approach to studying differential gene expression in eukaryotic cells and in cells infected with virus involves the development of nucleic acid hybridization probes that are highly radioactive and gene specific.
In this report we describe the isolation and characterization of a recombinant plasmid that contains most, if not all, of the nucleic acid sequence encoding measles nucleocapsid protein. This clone was obtained by the insertion of a reverse transcript of poly(A)-containing mRNA from monkey cells acutely infected with measles virus.
A considerable body of information now implicates persistent infection of measles virus in the etiology of at least one human neurological disease, subacute sclerosing panencephalitis (SSPE) (9-13). We also report that our recombinant plasmid provides a nucleic acid probe sensitive enough to detect measles virus gene sequences in poly(A)-containing mRNAs isolated from brain tissue taken at autopsy of a patient with SSPE. (14) . Tetracyclineresistant clones were replated on LB agar plates containing tetracycline (12.5 Mug/ml) and then were transferred to nitrocellulose filters for colony hybridization using a measles-specific [32P]cDNA probe prepared from poly(A)-RNA from infected cells (15) .
MATERIALS AND METHODS
Isolation and Purification of Plasmid DNA. Clones were grown to an OD600 of 0.6 in LB broth containing tetracycline.
Chloramphenicol (100,Mg/mnl) was added and incubations were continued overnight. The cells were collected by centrifugation, washed twice with Tris.HCI (1.0 mM, pH 7.8)/EDTA (1 mM) and suspended in the same buffer (25 ml/liter of cell culture). Lysozyme (4 mg/ml) was added, and the suspensions were incubated on ice for 20 min. CsC12 (0.9 g/ml) then was added and the solutions were centrifuged at 15,000 X g for 1 hr. After removal of the upper protein-containing layers, supernatants were supplemented with ethidium bromide (0.3 mg/ml), their densities were adjusted to 1.6 g/ml, and then they were centrifuged in a Beckman type 65 rotor at 40,000 rpm for 48 RNA was then eluted from the filters and translated in a mRNA-dependent rabbit reticulocyte cell-free system. As shown in Fig. 5 , lane D, the major cell-free translation product comigrated with the 60,000-dalton nucleocapsid measles virus polypeptide, whereas other measles virus-specific polypeptides, such as the 70,000-dalton P protein and the 37,000-dalton M protein (21), were missing. Furthermore, this translation product immunoprecipitated with anti-measles antibodies (Fig.  5, lane E) . As expected, no translatable RNAs were eluted from filters containing control pBR322 DNA (Fig. 5, lane C) Fig. 7 shows the hybridization of SSPE RNA fractionated under denaturing conditions on agarose gels after transfer to DBM paper and hybridization with a probe prepared from nick-translated 32P-labeled clone pBR-MVN DNA. The only band visible in the fractionated RNA was a band corresponding to the largest species observed in mRNA from infected cells, the species identified as nucleocapsid protein mRNA. This Proc. Nati. Acad. Sci. USA 77 (1980) experiment provides direct evidence that measles-related RNA is present in the RNA from a brain of a SSPE patient, and therefore suggests that mRNA is synthesized in the brain itself. However, the amount of measles virus-specific sequences in the RNA from this SSPE brain tissue is small. When the DBM filter shown in Fig. 7 was analyzed by means of a [32P]cDNA probe synthesized from measles virus-infected poly(A)mRNA directly, no hybridization was observed in the SSPE RNA sample. However, as shown in the figure, when the same filter was subsequently analyzed with [32P]DNA from pBR-MVN (clone 15) a weak but distinct band of measles sequence was detected.
In the course of these cloning experiments, we obtained a variety of measles virus-specific DNA clones, in addition to those that were complementary to pBR-MVN. They probably represent clones specific for proteins of the measles virus family, other than nucleocapsid proteins, which still await identification. We hope that with the aid of the cloned measles DNAs we will be able to detect the whole spectrum of measles virus RNA sequences present in SSPE brain tissue, as well as the molecular forms (RNA or DNA) in which these sequences are maintained and expressed.
